Objective: To summarize the role, benefits, and risks of continuous subcutaneous insulin infusion (CSII) therapy for treating diabetes.
M ore than 300,000 patients around the world use a continuous subcutaneous insulin infusion (CSII) system today, and the number of "pumpers" is expected to increase dramatically in the next decade. 1 The first reported CSII system was developed by Dr. Arnold Kadish in the early 1960s. These early experimental insulin pumps were very large-as big as a backpack-and unreliable. The first commercial CSII system was the AutoSyringe (Baxter), which was affectionately called the "Big Blue Brick" by its users because of its bulky size; it generated considerable interest among medical researchers and device companies when it was introduced in 1978. However, the technology lacked important safety features, and insulin pump delivery systems were reserved for individuals who had frequent and severe episodes of hypo-and hyperglycemia. Moreover, the value of intensive insulin therapy had not yet been demonstrated; therefore, most clinicians and patients were not terribly excited about the prospect of being tethered to a cumbersome apparatus. The potential benefits of CSII became clear after the Diabetes Control and Complications Trial (DCCT) Research Group published a report in 1993. 2 Although the basic principles remain the same, several technological improvements have occurred in the previous 15 years, making insulin pumps safer, easier, and more flexible. Although CSII systems are not suited for all patients with diabetes, some experts believe that pumps are the best method of insulin delivery for patients with type 1 diabetes who are motivated, technologically savvy, and have the means to pay for the technology. 3 Moreover, a growing number of individuals with type 2 diabetes also use a CSII system, particularly those with wide fluctuations in blood glucose or frequent episodes of hypoglycemia despite careful dose titration on multiple daily injection (MDI). While many experts believe that patients with type 2 diabetes derive the same benefits as patients with type 1 diabetes, CSII has not been formally evaluated in a randomized controlled trial in patients with type 2 diabetes.
Objective
The purpose of this review is to examine the potential benefits and risks of CSII therapy, describe currently commercially available insulin pump delivery systems, and provide practical advice to clinicians and patients on how to initiate and manage insulin therapy using a CSII device.
Intensive insulin therapy
Intensive insulin therapy is designed to mimic physiologic insulin secretion. 4 The beta-cells in the pancreas secrete insulin at variable rates throughout the day. In the fasting state, a relatively low rate (known as basal insulin secretion) is maintained. 5 Basal insulin secretion regulates hepatic glucose production and other metabolic activities. In the absence of basal insulin delivery, patients with type 1 diabetes can potentially develop marked hyperglycemia and diabetic ketoacidosis (DKA), even while fasting. After consuming food, the pancreas increases the rate of insulin secretion in proportion to the amount of carbohydrates consumed in the meal. 6 Postprandial insulin secretion occurs in different phases. The first phase is a rapid release (bolus) of stored insulin from the pancreatic beta-cells, occurring within 15 minutes of carbohydrate intake. The insulin is delivered to the liver via the portal vein, stimulating glucose to glycogen conversion which reduces postprandial blood glucose levels. The second phase of postprandial insulin secretion is gradually released over 1 to 3 hours in response to blood glucose level. Similarly, background (basal) insulin secretion varies slightly throughout the day; it is sensitive to changes in activity, blood glucose levels, and regulatory hormones (e.g., insulin, amylin, glucagon, glucagon-like peptides, gastric inhibitory polypeptide). Individuals without diabetes secrete approximately 50% of the total daily physiological insulin requirements as basal secretion, and the other 50% is secreted in response to carbohydrate intake.
Prolonged hyperglycemia increases risks for diabetesrelated microvascular complications such as diabetic nephropathy, retinopathy, and neuropathy, as well as macrovacular
At a Glance
Synopsis: A wide variety of continuous subcutaneous insulin infusion (CSII) devices are used by more than 300,000 patients to treat diabetes; therefore, pharmacists and other health professionals should be familiar with insulin pump technology, the potential risks and benefits of CSII, and how to troubleshoot common problems. Highly motivated patients with type 1 diabetes who are technologically savvy and have the means to pay for the device and infusion sets are generally the best candidates to initiate CSII, yet patients with type 2 diabetes who require multiple daily injections (MDIs) and experience wide fluctuations in blood glucose throughout the day or severe hypoglycemia may also find insulin pumps useful.
Analysis review complications such as myocardial infarction, stroke, and lowerextremity amputations. 2, 7, 8 DCCT and the follow-up study Epidemiology of Diabetes Interventions and Complications (EDIC) conclusively demonstrated that improving glycemic control through intensive insulin therapy reduces the risk of developing diabetes-related complications in patients with type 1 diabetes. Intensive insulin therapy during DCCT was accomplished through MDI using a combination of short-and long-acting insulin or CSII using short-acting insulin. DCCT demonstrated that with every 1% reduction in glycosylated hemoglobin (A1C), the risk for developing diabetes-related complications was reduced by 25% to 32%. 2 The mean absolute difference in the observed A1C between the conventional therapy and the intensive insulin therapy groups was approximately 2% throughout this 6.5-year study. The development of diabetic retinopathy decreased by 76%, progression of baseline retinopathy decreased by 54%, development of neuropathy decreased by 60%, microalbuminuria decreased by 39%, and macroproteinuria decreased by 54% in patients receiving intensive insulin therapy (P < 0.05 for all outcomes). 2 Patients who received intensive insulin therapy in the DCCT had a reduction in macrovascular disease-defined as cardiovascular or peripheral vascular events-by 41%; however, given the low event rates in conventional and intensive therapy groups, this difference was not statistically significant. The EDIC study investigators followed the original DCCT participants for an additional 10 years after DCCT ended. Although the A1C gap between the intensive insulin therapy and conventional therapy groups had narrowed to less than 0.1%, the risk of microvascular and macrovacular events remained significantly lower in the intensive therapy group. 7, 8 Thus, patients who received intensive insulin therapy during the DCCT were 42% less likely to experience a cardiovascular event during 22 years of follow-up compared with those assigned to the conventional therapy group (P = 0.02). 9 MDI remains the most common method of delivering intensive insulin therapy. MDI regimens typically consists of three injections of rapid-or short-acting insulin before meals and one to two injections of either intermediate-or long-acting insulin to simulate basal insulin secretion. For bolus doses before meals, rapid-acting insulin such as aspart, lispro, or glulisine is the preferred choice because of their rapid onset and relatively short duration of activity. Rapid-acting insulin reaches peak concentrations twice as high and within half the time compared with regular insulin. 10, 11 A meta-analysis examining the benefits of rapid-acting insulin analogs found that they lowered A1C and modestly reduced the number of hypoglycemic episodes compared with regular insulin in patients with type 1 diabetes. 12 For basal insulin requirements, intermediate-acting (e.g., neutral protamine Hagedorn [NPH]) or long-acting (e.g., glargine, detemir) insulin can be used. Patients typically adjust the dose of bolus insulin to match their carbohydrate intake with each meal and use a fixed dose for basal insulin daily.
Insulin pumps are computerized devices that allow patients to preprogram, temporarily adjust, or suspend insulin infusion rates as well as deliver precise doses. CSII delivery systems attempt to mimic the pancreas as closely as technologically possible. CSII can deliver different basal insulin rates throughout the day based on changes in insulin sensitivity. Moreover, CSII allows for greater precision for bolus insulin dose delivery relative to carbohydrate intake and absorption from the gastrointestinal tract. Most insulin pumps deliver insulin through an infusion set consisting of a plastic tube connected to a small cannula that is placed in subcutaneous tissue. Rapid-or short-acting insulin is used in the pump for both bolus and basal delivery.
Benefits and limitations of insulin pumps Benefits of insulin pumps
With optimal use, insulin pump therapy allows for tighter, more precise control, which can help reduce blood glucose variations that increase the risk for micro-and macrovascular complications. 1 One important benefit of CSII over MDI is a reduction in severe hypoglycemic events. Intensive insulin therapy is associated with a higher risk for hypoglycemia compared with conventional therapy. 2 In early studies, severe hypoglycemia was particularly problematic with CSII. 13 Today, however, the risk of severe hypoglycemia is significantly lower with CSII as a result of our increased knowledge of how to effectively use the technology, improved built-in warnings and alarms, and better patient education. Severe hypoglycemic episodes are defined as a state of neuroglycopenia resulting in impaired consciousness and requiring assistance to treat the episode, including I.V. glucose or glucagon. 16 Theoretically, CSII should decrease the incidence of severe hypoglycemia because it delivers small doses of subcutaneous insulin throughout the day that can be adjusted based on patient-specific requirements. Indeed, results from a recently published international study demonstrated that patients who used CSII had fewer mild hypoglycemic episodes (49.3 vs. 55.4 events/patient/year with MDI, P < 0.001) and fewer severe hypoglycemic events (0.2 vs. 0.5 events/patient/year with MDI, P < 0.001).
14 CSII was also associated with a significant reduction in nocturnal hypoglycemic events compared with MDI (216 vs. 280, P = 0.0024). 15 Fewer hypoglycemic episodes contribute to improved quality of life. Fear of experiencing severe hypoglycemia is a considerable source of stress for many patients who use insulin. 15 -17 Another major benefit of CSII is reduced glycemic variability. Glycemic variability is the fluctuation in blood glucose levels throughout the day and is typically characterized by postprandial hyperglycemic spikes. 18 Although achieving near-normal glycemia, as measured by A1C, is associated with fewer complications, widely fluctuating blood glucose concentrations throughout the day can be equally detrimental, even when A1C is at or near recommended goals. Substantial fluctuations in blood glucose levels review Go to www.pharmacist.com and take your test online for instant credit. review throughout the day increase the risk for microvascular 18, 19 and macrovascular 18 complications. A meta-analysis of 13 randomized controlled trials that compared glycemic control on CSII versus MDI showed a reduction in A1C, a reduction in insulin requirements, and a reduction in glucose variability. 20 In a study by Hoogma et al., 14 patients who used CSII had a 26% reduction in their insulin requirement (totaly daily dose [TDD] = 0.53 ± 0.14 vs. 0.71 ± 0.23 units/kg with MDI, P ≤ 0.0001), a reduction in A1C (7.45% vs. 7.67% with MDI, P ≤ 0.001), and a reduction in glucose fluctuations (70.2 vs. 77.4 mg/dL with MDI, P < 0.001). Glycemic variability results in increased oxidative stress and an overproduction of superoxide by mitochondrial electron-transfer chain, which in turn signals a cascade of detrimental metabolic events. 21 Oxidative stress is directly linked to the pathogenesis for atherosclerosis and cardiovascular disease (CVD). 22 In a subsequent analysis of DCCT, patients assigned to intensive therapy, whose A1C values throughout the study were equivalent to matched pairs receiving conventional therapy, experienced a greater than 50% risk reduction in the development of retinopathy. 23 This benefit may be attributable to a reduction in glycemic variability achieved with intensive insulin therapy. Optimal glycemic control not only involves achieving A1C targets but also limiting glycemic variability. 24, 25 Postprandial hyperglycemia (PPHG) appears to be an independent risk factor for macrovascular complications. 18 Moreover, PPHG spike, which is the difference between the postprandial blood glucose level and the premeal baseline blood glucose level, appears to predict the risk of macrovascular complications better than postprandial blood glucose concentration alone. 26 The Diabetes Epidemiology: Collaborative Analysis of Diagnositic Criteria in Europe (DECODE) study found that a PPHG value more than 200 mg/dL was an independent risk factor for death from CVD. 27 Patients who experienced large postprandial spikes had an increased incidence of death compared with those who had higher PPHG with smaller postprandial spikes. 28 A metaanalysis confirmed that 2-hour PPHG was associated with an increased incidence of death from CVD in an Asian population. 29 PPHG is also an independent risk factor for microvascular complications. 18 Patients with elevated postprandial blood glucose levels are at an increased risk for diabetic retinopathy, nephropathy, and neuropathy. 30, 31 CSII can deliver more precise bolus and correction doses that can limit PPHG spikes and reduce glycemic fluctuations.
Patients report an improved quality of life on CSII compared with patients using MDI. 15 Patients on CSII state that they feel a reduced burden due to greater flexibility regarding mealtimes, improved mental health, and fewer daily hassles in terms of carrying, storing, and administering insulin. 14, 17 Even patients who do not experience improvements in glycemic control after switching from MDI to CSII report increased satisfaction (Table  1) . 32 
Limitations and disadvantages of insulin pumps
For many patients, being continuously attached to a foreign object is a major concern before initiating an insulin pump. 17 This is a common psychosocial limitation to insulin pump therapy and especially for adolescents. 32 Adolescents and younger adults often feel that wearing the pump will signify to the public that they are "diseased." After patients become accustomed to the pump, these fears are often resolved. Other concerns are possible complications associated with insulin pump therapy, including infusion-site infections, unexplained hyperglycemia or DKA, mechanical problems, and high cost of CSII. Cost can be a considerable barrier for many patients. The cost of purchasing an insulin pump, initiating CSII therapy, and monitoring and maintaining intensive insulin therapy throughout a lifetime is a substantial burden for patients and their families (Table 1) .
Infusion-site reactions include contact dermatitis and infec- tions. Rarely, patients develop an allergy to the adhesive or the tubing. In most situations using alternative adhesives or infusion sets will resolve the problem. 1 Infusion-site infections are the most common complication associated with insulin pump therapy. [33] [34] [35] Patients on CSII have a higher incidence of skin infections at the infusion site than those receiving MDI. Skin infections at the infusion site are most often seen within the first 5 months of therapy. 34 Patients will present with inflammation, soreness, redness, swelling, and purulent drainage at the infusion site. Patients should be given a course of systemic antibiotic therapy to resolve the infection. Growing concerns exist about methicillin-resistant Staphylococcus aureus infections. In some cases, patients can develop large abscesses that require surgical debridement. 36 Unexplained highs are elevated blood glucose levels that persist for more than 2 hours. 36 This can result from a variety of potential mechanical problems. Brief interruptions in insulin delivery can lead to DKA in as little as 3 to 4 hours if unrecognized and left untreated. Early studies showed no significant difference in the incidence of DKA in patients receiving intensive insulin therapy (MDI or CSII) versus conventional injection therapy.
2,33,37 DKA remains a potential risk with CSII because only short-acting insulin is used and, if delivery is interrupted, glycemic control can be lost quickly. The risk of DKA has been minimized with appropriate and careful candidate selection, advances in available pump technology, and increased patient and provider experience with insulin pump therapy. 34, 37 During the first year of DCCT, patients who had retinopathy at baseline and were assigned to intensive insulin therapy were significantly more likely to have worsening retinopathy than those assigned to conventional therapy. Worsening retinopathy was characterized by the development of soft exudates and intraretinal microvascular hemorrhages. This negative consequence of intensive insulin therapy was transient, and the longterm benefits emerged after only 2 years of intensive therapy. 2 A transient progression of retinopathy has also been observed in patients who achieved improved glycemic control through CSII. 38 In patients who have a baseline A1C greater than 9%, close monitoring with dilated retinal exams every 3 to 6 months for the first year is required to avoid this potential adverse effect.
Candidates for insulin pump therapy
Insulin pump therapy is an effective means for glycemic control for many patients living with diabetes, but it is not for everyone. Health care providers must assess each patient to determine whether he or she is an appropriate candidate for pump therapy. Health care providers should educate patients regarding the potential benefits and limitations, initiation and maintenance requirements, and considerable effort required to make this means of insulin delivery successful. Selecting appropriate candidates for insulin pump therapy should be based on professional judgment and on general guidelines.
Successful insulin pump users often possess certain characteristics that enable them to use the device safely and effectively (Table 2 ). These characteristics include technical ability, intellect, and motivation. 36 Patients should possess a higher degree of technical ability to maneuver the advanced features of today's pump technologies. A patient expressing discomfort and/or an unwillingness to learn how to use the technology would not be an appropriate candidate. Patients who have a physical disability that interferes with their ability to manipulate the pump may be better served with MDI. Intellectual ability is related to the patient's ability to make informed decisions regarding their diabetes control and their insulin requirements. To use an insulin pump most effectively, the patient is required to adjust insulin delivery based on physical activity and meals and must frequently monitor blood glucose to assess current control. The patient must also be able to understand how his or her behaviors impact disease outcomes and how to modify these behaviors. 36 Patients should also possess a high level of knowledge about diabetes before initiating insulin pump therapy. 33 Lastly, patients should have the motivation and willingness to adhere to the prescribed regimen. Even if a patient has the technical and intellectual capabilities, without the appropriate motivation and desire, insulin pump therapy is no more likely to succeed than MDI. Initially, adjustments to insulin pump therapy can be quite challenging, and patients often require several weeks to incorporate the pump into their lifestyle. This adjustment period is similar to the adjustment phase often seen immediately after the initial diagnosis. 39 Appropriate candidates often express a strong desire to improve control and gain flexibility. Patients who do not or cannot adhere to an MDI regimen are generally not good candidates for pump therapy. Patients who have not achieved excellent glycemic control with MDI but have demonstrated effective medication-taking and -monitoring behaviors and have expressed the desire to learn carbohydrate counting and self-adjust insulin therapy should be encouraged to consider pump therapy.
Insulin pump therapy is generally recommended for patients 10 years of age or older. 39 While younger children have used CSII, limited data are available regarding its use in this population. 40, 41 Regardless of age, the patient must possess the technical and intellectual ability to manage insulin pump therapy relatively independently. Children who are started on insulin pump therapy usually require a higher degree of involvement by parents or guardians. Therefore, the caregiver must also be supportive of and knowledgeable about insulin pump therapy.
Although patients can be started on insulin pump therapy after being on conventional injection therapy (i.e., NPH or 70/30 insulin twice daily) for a few weeks, patients with 3 to 6 months of experience with intensive insulin therapy (MDI) are generally the best candidates for insulin pump therapy. MDI and insulin pump therapy are both methods of intensive insulin therapy based on similar principles of insulin delivery, blood glucose monitoring review Go to www.pharmacist.com and take your test online for instant credit. review requirements, meal planning, and insulin dose adjustments based on carbohydrate counting. Of course, patients who are using conventional injection therapy can be educated on all these issues, but a high degree of willingness to learn must be present.
Insulin pump therapy requires patients to take control of their disease and be able to make decisions on their own regarding insulin delivery. Adherence to previous treatment regimens and appointments generally indicates that a patient will continue to exhibit these behaviors while on the insulin pump. In addition to being highly motivated, patients should be aware of the limitations of therapy and have reasonable expectations. Insulin pump therapy often requires the patient to invest more time and energy than MDI, but, when used properly, the dividend is greater control and lifestyle flexibility.
Insulin pump features
Before initiating insulin pump therapy, each patient, with guidance from a practitioner who has experience with a variety of insulin pumps, should evaluate the available options to determine the pump best suited for his or her needs. Patients should be given an opportunity to see and handle all available pumps. The final decision should be based on ease of use, size, appearance, available features, warranty, and cost (Table 3 ). Images of available pumps are shown in Figure 1 . The initial cost of an insulin pump ranges from $4,500 to $6,000, and annual maintenance costs range from $1,500 to $4,000. Most insurance companies, including Medicare and Medicaid, cover some of these costs.
Bolus dosing features
Patients using either MDI or older-generation insulin pumps need to calculate bolus doses before each meal. To do so, patients typically estimate carbohydrate intake at each meal and measure blood glucose before eating. Using this information, patients use their personal carbohydrate factor to determine the number of units of rapid-acting insulin needed for that meal, and if needed, add a correction dose based on their personal correction factor. These calculations require several steps, and most patients must use a calculator or other electronic device.
A patient's personal correction factor is the anticipated drop in blood glucose (mg/dL) when 1 unit insulin is administered in the absence of food. This factor varies between 10 and 60 in most patients, with higher numbers indicating a greater sensitivity to insulin. The patient's personal carbohydrate factor is the number of carbohydrates (in grams) that 1 unit insulin will "cover" or effectively blunt the anticipated blood glucose increase after consuming a meal. For the majority of patients, the carbohydrate factor is between 5 and 20. In patients who are very sensitive to insulin, 1 unit insulin will "cover" 20 g or more of carbohydrate consumed. For patients who are relatively review insensitive to insulin, 1 unit insulin might cover only 5 g or less of carbohydrate consumed. Today, nearly all insulin pumps can calculate an appropriate bolus dose for the patient. The patient or health care provider can program the pump to store information regarding the patient's personal correction and carbohydrate factors. Because the patient's carbohydrate factor may be different for each meal, the pump can store more than one carbohydrate factor to accommodate changes in insulin sensitivity throughout the day. Patients can retrieve information in the pump's database regarding the number of carbohydrates in a wide variety of foods. This feature makes it easier for patients to count carbohydrates and reduces the likelihood of an error. The patient-specifi c correction factor can also be input into the pump. This allows the pump to calculate and infuse an appropriate correction bolus when a blood glucose reading is above the designated target. Pumps can store the patient's target goal glucose for each meal and at bedtime. The pump can then adjust insulin dosing to aim for this target at the desired times.
The bolus-on-board feature estimates the amount of insulin that remains in the body from the previous bolus injection. This safety feature may help prevent "stacking" of insulin doses-a phenomenon that occurs when two or more insulin injections are given in close proximity in time. The effects of each insulin dose stack on top of the previous dose(s). As an example, a patient may have taken a bolus dose for dinner and, 2 hours later, wish to give a second bolus dose for dessert. The pump is able to estimate what the patient has already received and, based on the insulin's duration of action, calculates the second bolus dose of insulin, taking into account the previous bolus and the additional carbohydrate intake. The patient and provider must determine an estimated duration of insulin action that will work best for the patient. Solely using the pharmacokinetic information to determine how long the insulin is likely to act is not appropriate because considerable interindividual variability exists. The pharmacodynamic effects of the insulin often last longer than what is indicated by pharmacokinetic data. Not all insulin pumps have the boluson-board feature.
Basal dosing features
Most of today's smart pumps come with multiple basal delivery profi les that allow the patient to select different basal infusion rates based on differences in daily or weekly schedules. As an example, many patients require a different basal rate or basal pattern on weekdays compared with weekends. This feature allows patients to preselect basal infusion rates to accommodate their lifestyles. Smart pumps also deliver basal insulin in different increments and ranges. If a patient requires a low basal infusion rate and is very sensitive to even small changes in the insulin dose, choosing a pump that allows for the deliv- ery of smaller increments of insulin is wise.
Tracking dosing information
Having a balance between the basal and bolus administration and with correction boluses is important. The pump keeps track of the TDD of insulin, including the basal insulin delivered, mealtime boluses, and correction doses. The advantage of this feature allows the clinician and patient to observe whether correction doses are being used frequently and, if so, whether a pattern has emerged. In such cases, the prescriber and patient can analyze the data and adjust the carbohydrate ratio or basal rate to prevent the frequent use of correction boluses.
Alarms and reminders
Many pumps come with reminders that enable the patient to use the pump most effectively and alarms that alert the patient regarding a potential problem. Reminders and alarms can be set to signal the patient to test their postprandial blood glucose, to change the infusion site, to change a low battery, and to refill the insulin reservoir when a specified number is reached. Safety alarms can signal when the infusion line is clogged or when another type of mechanical problem with the pump occurs. Alarms can also be set to signal when a bolus has not been taken in the usual period of time. An auto-off feature can be set so that if the buttons have not been touched for 8 to 9 hours, the pump will deactivate to prevent further insulin delivery. 1 The reminders and alarms can be customized on all insulin pumps.
Pump-meter communication
Some insulin pumps can be "paired" with a meter that automatically sends blood glucose readings to the pump. This feature bypasses the need to input these data into the pump manually. The pump can then calculate the appropriate correction dose. This allows for faster administration of insulin, allows for faster correction of bolus dose calculations, and reduces the possibility of human input errors.
Wearable/disposable pumps
The Omnipod (Insulet) is a small wearable pump that attaches directly to the skin and does not use an infusion set ( Figure  1F ). The entire pump is discarded after 48 to 72 hours of use. The pump has an alarm reminding the user when to discard the pump. An external personal data manager (PDM) or remote control communicates with the pump via radio waves. The PDM is used to administer bolus doses and to adjust the basal insulin delivery rates. If the patient loses or misplaces the external data manager, bolus doses of insulin must be given using more traditional means (e.g., needle and syringe, pen device).
Infusion sets
After patients determine which pump best meets their needs, selecting an infusion set that works with the pump is important.
Infusion sets differ with regard to the anatomical sites where they work best, how easily they detach from the pump, whether the cannula is straight-in metal or slanted Teflon, and size. Many pumps use a standard luer-lock connection that allows the patient to choose from infusion sets made by several manufacturers. If the patient's pump does not have this standard connection, the choice of infusion sets will be limited to single-source proprietary versions.
Initiating pump therapy
Initiating insulin pump therapy involves extensive patient education, close follow-up and monitoring, frequent dose adjustments, and, when needed, periodic troubleshooting. Most patients can initiate insulin pump therapy in an outpatient setting with frequent contact with a trained health care provider and a representative from the insulin pump company. Initiating insulin pump therapy involves several steps that require the active involvement of both the patient and health care provider(s).
Start-up training
During start-up training, the patient should be given one-onone instruction on how to program and use the pump. In the initial training session(s), the patient should learn to input his or her personal carbohydrate factor and the correction factor, set the blood glucose targets and duration of insulin action, adjust the basal insulin delivery rate, fill and load the reservoir, connect the infusion set to the pump, and insert the cannula into the skin. Patients should be proficient in these basic pump operations before initiating insulin therapy via the pump. During the initial training period, normal saline is often used in the pump. The start-up training period may take a few days based on the patient's comfort level with the pump technology. During this initial phase, health care providers must be readily available to address any concerns or issues that arise. Patients can also be directed to call the pump manufacturer's 24-hour help line.
Infusion sites are areas with an adequate amount of subcutaneous fat-typically the abdomen, thighs, or buttocks. After the location is selected, the patient is instructed to prepare the infusion site. To prevent infusion-site infections, the patient should use an antiseptic product such as I.V. prep wipes, povidone-iodine solution, or chlorhexidine liquid. Isopropyl alcohol is not adequate for cleaning the site. Patients with a history of skin infections or inflammation around wounds should take particular care cleaning the infusion site because they are more likely to be carriers of S. aureus and are at increased risk for infection. After the area is cleaned, a bio-occlusive adhesive is placed on the site to prevent bacterial colonization. The infusion tubing is then inserted through the bio-occlusive adhesive into the skin. These procedures should be initially demonstrated by a health care provider. Once inserted, the infusion set is secured onto the skin with a hypoallergenic review adhesive tape a couple inches away to prevent the catheter from being pulled from the site.
Determining the initial dose
Before initiating insulin pump therapy, the patient must discontinue MDI and the activity from intermediate-or long-acting insulin (e.g., NPH, glargine, detemir) must be given sufficient time to taper off. If the patient has been using insulin glargine, the last injection should be given 24 hours before initiating the pump. Insulin detemir or NPH injected at bedtime should be skipped the night before initiating pump therapy. Any nocturnal hyperglycemia can be corrected with a bolus of rapid-or short-acting insulin. Pump users can typically achieve good glycemic control using a lower TDD of insulin compared with their previous insulin dose by MDI. For this reason, a conservative approach to the initial TDD via insulin pump is warranted. Most health care providers use the patient's previous TDD from MDI and the predicted weight-based TDD to estimate the TDD to be delivered via the insulin pump. To date, no validated formula exists for calculating the initial TDD. Therefore, close monitoring of blood glucose levels during the first few weeks of therapy is required to determine the patient's optimal basal and bolus insulin requirements. For most patients, basal insulin requirements account for 40% to 60% of the TDD. Therefore, the TDD can be divided in half to determine the initial basal dose. The remaining 50% can be delivered as bolus doses throughout the day. This 50-50 method can be used to determine the initial basal and bolus doses for most patients, but clearly not all patients fit into this mold. Based on the patient's dietary habits and physical activity, slight adjustments to this formula can and should be made to the initial dosing regimen. For example, a patient with high physical activity and high carbohydrate intake will likely require a larger proportion (55% -60%) of the TDD given as mealtime bolus doses. Alternatively, an obese, sedentary patient is likely to have some degree of insulin resistance and will require a larger proportion (55% -60%) of the TDD delivered in the basal infusion. Once the patient has initiated insulin pump therapy, the basal-to-bolus balance is monitored closely.
Determining the optimal basal rates throughout the day requires the patient to monitor blood glucose in a fasting state during an extended period of time. The optimal basal rate should prevent a rise or drop of more than 30 mg/dL during an 8-to 12-hour period with no food intake. However, optimal basal rates are often different at various times of the day. For example, most patients require a higher basal rate in the early morning hours (4:00 am-8:00 am) to mitigate the hyperglycemia caused by higher circulating levels of counterregulatory hormones (i.e. cortisol, growth hormone)-known as the dawn phenomenon. Because fasting for 24 hours is not practical or wise, optimal basal rates for various time periods (overnight, morning to early afternoon, and midafternoon to bedtime) should be determined separately. When determining the overnight basal rate, the patient is instructed to check blood glucose before bedtime (10:00 pm) and at midnight, 2:00 am, 4:00 am, 6:00 am, and 8:00 am. On separate days, the patient can then fast from the morning to early afternoon and then midafternoon to bedtime, checking the blood glucose hourly. It often requires a period of trial and error to determine the optimal basal rate for each of the three segments.
To determine optimal bolus doses, the patient and provider must determine the patient's personal carbohydrate factor. Typically, the patient's insulin-to-carbohydrate ratio is already known based on the patient's previous mealtime bolus dose requirements. However, in some cases, the patient's insulin-to-carbohydrate ratio or personal carbohydrate factor is not known. A frequently used method to estimate the personal carbohydrate factor is to divide 500 by the TDD. If a larger percentage (60%) of the patient's TDD is anticipated for basal delivery, dividing the TDD by 550 would yield a less aggressive bolus dose. If a smaller percentage (40%) is used toward basal delivery, a more aggressive bolus dose can be determined by dividing the TDD by 450. An insulin sensitivity factor is calculated to determine the correction bolus dose. The sensitivity factor is typically calculated by dividing the TDD by 1,500 if regular insulin is used in the pump or by 1,800 if rapid-acting insulin (insulin aspart, insulin lispro, or insulin glulisine) is used.
Initial monitoring and follow-up
The health care provider's role in the training and identification of optimal insulin delivery is essential in the success of the patient's insulin pump therapy. Once the patient is sent home, providing continuous care and being available for any questions, concerns, issues that arise is important. The patient is monitored very closely for the first few weeks after initiation with frequent phone calls and follow-up face-to-face visits to make dose adjustments. In most centers, patients are asked to communicate with their diabetes educator or health care provider every day for the first week following pump initiation. During this period, the patient monitors and records blood glucose at least six times a day to verify accuracy of the initial basal rates and bolus doses. Typically, patients are instructed to measure the blood glucose in the morning before breakfast, before lunch, in the mid-afternoon (or some other 2-h postprandial reading), before dinner, at bedtime, and at 2:00 am. During this time frame, the patient should keep physical activity relatively limited. After the patient has been stabilized, follow-up visits can be scheduled every 3 months.
Managing insulin pump therapy
After CSII is initiated, periodic dose adjustments are necessary to maintain optimal glycemic control and limit hypoglycemia. Routine follow-up visits are scheduled every 3 months and consist of physical exams to screen for diabetes-related complications and for obtaining A1C, lipid panel, renal function tests, and other measures to assess the patient's control. Patients should continue to monitor blood glucose levels frequently and report any unusual highs or lows. Unexplained highs or lows might be attributable to a miscalculation of the insulin dose or mechanical problems related to the pump technology.
Exercise
Patients should be evaluated before initiating an exercise program for complications that may preclude participation in excessive physical activity (i.e., coronary heart disease). 42 An increased risk for hypo-and hyperglycemia occurs during exercise, and adjustments in insulin delivery may be needed to avoid major blood glucose deteriorations. In most circumstances following moderate-intensity exercise, the premeal bolus dose should be reduced to avoid postexercise hypoglycemia. A less physically fit individual is at greater danger of developing postexercise hypoglycemia, and a larger reduction in insulin will be required. 1 Conversely, an increased incidence of postexercise hyperglycemia occurs in patients engaging in high-intensity exercise. 43 The recovery time can last up to 60 minutes. 43 During strenuous or prolonged exercise, glucose counterregulatory systems are activated by decreases in plasma insulin, increases in glucagon, and increases in epinephrine. 44, 45 If postexercise hyperglycemia is a consistent problem, patients should be directed to either temporarily increase the basal insulin infusion after their exercise routine or consider a less strenuous exercise program.
Acute illness
During acute illness, stress can induce insulin resistance, causing substantial blood glucose deteriorations. To counteract this increase in blood glucose, temporarily higher basal rates and higher bolus doses are usually required. After treatment for the acute illness is initiated, requirements may decrease and the patient will eventually return to normal insulin requirements. If blood glucose was not elevated enough to require an increase in the basal rate or bolus doses, correction doses can be administered. 1 Illness that induces vomiting or diarrhea and reduces dietary intake may preclude the need for bolus doses.
1 Throughout any acute illness, patients should be instructed to test their blood glucose levels more frequently and to check urine for ketones.
Patients who require hospitalization for an acute illness may or may not be continued on insulin pump therapy. Hospital protocols often dictate the insulin delivery systems that are permitted during a hospitalization. Many hospitals allow continued use of insulin pump therapy as long as the patient is capable of managing it personally. If the patient is incapacitated and the nursing staff is unfamiliar with the pump technology, therapy should be switched to standard insulin protocols used at the institution. 42 
Hypoglycemia and hypoglycemic unawareness
Early reports implicated insulin pump therapy as increasing the incidence of hypoglycemia compared with MDI. 20 More recent evidence demonstrates that CSII is associated with a lower risk of hypoglycemia. 20, 33, 36 Severe hypoglycemia and hypoglycemiainduced coma are infrequent complications and seen in rates no higher than conventional injection therapy. 34, 37 Risk factors for severe hypoglycemia are patient specific and depend on the degree of glycemic control achieved and the sensitivity of the counterregulatory system. 36 Patients with lower A1C values are at higher risk for hypoglycemic unawareness. 2 This typically presents after years of living with diabetes and results from repeated low blood glucose concentrations that reset the release of stress hormones that provoke classic hypoglycemic symptoms. 1 Patients must develop heightened awareness of the subtle symptoms that generally occur when the blood glucose is less than 70 mg/dL to prevent severe hypoglycemic complications (i.e., seizures, coma) from occurring. 36 To reverse hypoglycemic unawareness, the blood glucose targets are temporarily raised in an effort to strictly avoid hypoglycemia. Typically, the target fasting blood glucose targets are set at 120 to 150 mg/dL. By maintaining the blood glucose consistently above these targets during a period 1 to 2 weeks, the patient's counterregulatory hormones are restored and the classic symptoms of hypoglycemia return. 1 
Mechanical problems
Mechanical problems and interruptions in insulin delivery often cause unexplained highs and can progress to ketoacidosis in 3 to 4 hours if they are not promptly addressed. Possible causes for unexplained highs include infusion-site problems, displaced or clogged infusion set, inactivated insulin because of degradation, or pump malfunction. 1 Troubleshooting should include an investigation of the pump, infusion set, reservoir, infusion site, and battery to determine the potential causes for unexplained highs or lows. 1 Most pumps have alarms indicating mechanical problems.
Tunneling of insulin occurs when the delivered insulin returns to the surface of the skin. Tunneling is common when the subcutaneous tissue becomes inflamed and swollen around the infusion site. Clogging of the infusion line is also a common problem. Prolonged exposure to heat can cause insulin to coagulate within the infusion set, thereby blocking delivery. Using unbuffered regular insulin increases the risk of infusion-line clogs. 34 Rapid-acting insulin analogs like lispro, aspart, or glulisine are less likely to clog the infusion set and are the preferred insulin products to use in insulin pumps. Exogenous materials coming into contact with the reservoir or infusion line such as alcohol, lotions, and sprays can also cause clogging. Insulin leakage from the tubing or reservoir can also cause unexplainable high blood glucose levels. Although insulin leakage can be difficult to detect, patients can use observation and the distinct smell of insulin to locate the leak. 1 If a clog, leak, or infusion-related issue is suspected, the entire infusion set should be replaced.
When the blood glucose reading is greater than 300 mg/dL or if two consecutive readings are greater than 250 mg/dL, the patient should be instructed to check for ketones in the urine. In addition, a correction bolus dose of insulin should be administered. The blood glucose should be monitored every 2 hours, and, if ketones are present, the patient should rehydrate with an appropriate fluid until ketones have cleared and the blood glucose has stabilized. 1, 36 Other reasons for unexplained hyperglycemia or DKA include illness or infection, mechanical problems, degraded insulin, and incorrect bolus dosing by the patient.
1 Although patients are not at an increased risk for developing DKA, it is the second most common complication seen with insulin pump therapy. 34 Back-up insulin should always be accessible in case of pump malfunction. When faced with mechanical problems, the patient may need to remove the insulin pump to troubleshoot and begin using traditional insulin injections (insulin syringes/insulin pens), covering meals with rapid-or short-acting insulin and maintaining their basal insulin requirement with a long-acting insulin.
Infusion-site infections
If the infusion site becomes erythematous, inflamed, or painful, the patient should be instructed to remove the infusion set, gently squeeze the site, and inspect for fluid discharge. This can indicate whether an infection or a hematoma is present. Signs of infection should be reported immediately, while a hematoma can be managed by changing the infusion site and using a new set.
1 Patients are at increased risk if they are carriers of S. aureus or if they have recurrent skin infections. 34, 36 S. aureus species are the most common cause of site infections. 33 After patients experience an infusion-site infection, they are at an increased risk for recurrent infections. Recurrent infusion-site infections may require the discontinuation of insulin pump therapy. 46 
Lipodystrophy
Placing the infusion set frequently in the same region can lead to tissue hypertrophy and lipodystrophy. Although these lesions are benign, they can have significant cosmetic effects for patients. Patients should be instructed to frequently rotate the site of infusion set placement to avoid lipodystrophy. Patients should wait 3 to 4 weeks before using the same area to allow appropriate healing time. 1 
Conclusion
Intensive insulin therapy is considered the standard of care of patients with type 1 diabetes. Likewise, many patients with type 2 diabetes may develop severe beta-cell failure, resulting in wide fluctuations in blood glucose throughout the day that require intensive insulin therapy. While many patients continue to use MDI, advances in insulin pump technology during the previous 15 years have made CSII therapy an attractive option for an increasing number of patients. CSII is most often initiated by specialists who have extensive experience working with the technology. However, after being initiated, "pumpers" are seen and managed in all health care settings, including primary care and family medicine clinics, hospitals, and community pharmacies. All health care practitioners should be familiar with the basic features of modern insulin pumps, able to advise patients regarding the potential benefits and limitations of this drug delivery system, and capable of troubleshooting common problems that may arise. review Go to www.pharmacist.com and take your test online for instant credit.
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Compared with MDI, which of the following is a shortterm benefit of CSII?
a. Blood glucose variability throughout the day is lower. b. The overall cost of insulin and its delivery is lower substantially. c. The need to monitor blood glucose concentrations throughout the day is reduced. d. Blood pressure, high-density lipoprotein cholesterol, and serum homocysteine concentrations are improved slightly. 
Based on the results of the Diabetes Control and

4.
A 26-year-old woman with type 1 diabetes who currently uses MDI to control her diabetes is considering a switch to CSII. However, she has had two episodes of severe hypoglycemia in the previous 3 months that required assistance. The episodes occurred without warning symptoms. Therefore, she is worried that an insulin pump might not be a good choice for her. Which of the following is an appropriate response to this patient's concerns? a. "The risk of severe hypoglycemia with MDI is a bit lower than CSII. I think you should stick with MDI for now until things get straightened out." b. "When it comes to risk of low blood glucose reactions, MDI and CSII are about the same. The decision to use one over the other is strictly a personal preference." c. "People who have large swings in blood glucose and episodes of severe hypoglycemia may benefit from CSII with careful monitoring. I encourage you to consider switching to CSII." d. "Switching to CSII would be ideal for you. Hypoglycemia is very rare, and you only need to check your blood glucose once or twice a day."
5. The mother of a 16-year-old female patient with type 1 diabetes seeks your advice. Despite checking her glucose three or four times a day at home, the daughter's blood glucose has been poor during the past year (last A1C = 9.8%). The mother has read about insulin pumps and would like her daughter to get one. However, the daughter refuses to even consider the idea. Which of the following might explain the daughter's reluctance? a. Most female patients think insulin pumps are unattractive and bulky. b. Many teenagers believe wearing an insulin pump is a signal to everyone that they have a disease. c. Unsubstantiated rumors posted on Internet blogs suggest that using an insulin pump causes disfiguring skin lesions. d. Many patients with diabetes believe that when an insulin pump is required to control their blood glucose, their disease must be "really bad." Thursday afternoon (4:00 pm-5:00 pm) at the local gym so she can get in better shape. She typically eats her dinner at 6:30 pm, so she plans to eat within 2 hours after exercising. In addition to checking her blood glucose more frequently during and after exercise to determine her response, which of the following would be the most appropriate initial management strategy for her insulin therapy after exercise? a. Place the insulin pump in the "suspend mode" and hold insulin therapy, both the basal infusion and any bolus doses, for 4 hours after exercising b. Increase the basal insulin infusion rate by 20% from 4:00 pm to 8:00 pm on the days she exercises and give the usual bolus dose before dinner c. Decrease the basal insulin infusion rate by 50% from 8:00 pm to 2:00 am on the days that she exercises and give the usual bolus dose before dinner d. Continue the same basal insulin infusion rate but decrease the bolus dose of insulin before dinner by 50% on the days that she exercises PlEasE ansWEr EaCH QuEsTion, markinG WHETHEr you aGrEE or disaGrEE. 4 . The program met the stated learning objectives: Agree Disagree After reading this CE article, the pharmacist should be able to:
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